A recently discovered population of Chamaepetes goudotii (Sickle-winged Guan) in the eastern Andes of southern Peru and northern Bolivia is anomalous in its high-elevation (above 3,000 m) distribution; populations from central Peru to not-them Colombia are found generally below 2,100 m. Several hypotheses are evaluated to account for the origin of such an unusual distribution. No evidence for long-distance dispersal or human introduction was found (and previous claims of introduction by ancient civilizations to account for disjunct distributions of two other species of New World birds are disputed). We propose that the current pattern is the result of fragmentation of a once continuous distribution. Hypotheses concerning the cause of the fragmentation and maintenance of the current pattern are evaluated. The relative consistency of elevational distributions of Andean bird species over broad latitudinal ranges (and dramatic differences in species composition with changes in elevation) provides circumstantial evidence against an autecological hypothesis that would propose that ecological requirements are met for C. goudotii only in the two disjunct regions. If potential competitors are restricted to congeners, no support can be found for a hypothesis based on interspecific competition. However, if the field of potential competitors is expanded to include morphologically similar confamilials, a striking pattern of generally nonoverlapping distributions in terms of elevation and latitude is revealed. Most striking is the reversal in elevations occupied by C. goudotii and Penelope montagnii. The reliance on interpretation for evaluating competing hypotheses makes such analyses inherently unsatisfying.
INTRODUCTION
Three specimens of the Sickle-winged Guan (Chamaepetes goudotii) collected by Cardiff in most of which occur within relatively consistent elevational limits throughout most of their latitudinal range (Chapman 1926 , Graves 1985 , LSUMNS specimens, pers. observ.). In this paper, we first describe the pattern of elevational distribution of C. goudotii and other guans (Cracidae) of the Andes, and then attempt to determine why this species shows such an odd pattern of distribution.
METHODS
Specimen localities for montane guans were obtained from museums with major collections of Andean birds (see Acknowledgments). We feel that we located most guan specimens with locality data sufficiently precise to allow plotting of latitude and elevation. Latitudes were taken primarily from the ornithological gazetteers of the Andean countries (Paynter et al. 1975 ; Paynter and Traylor 1977, 1981; Paynter 1982; Stephens and Traylor 1983). If the specimen label did not include elevation, the gazetteers were used to determine if the elevation could be ascertained with reasonable precision. A substantial number of specimens could not be used because their elevations could not be determined. For specimens for which the elevation was given as a range, e.g., "2000-2400 m," the midpoint of the range was used as the elevation, unless the specimen was from near an upper or lower limit of the species' overall elevational distribution, in which case the specimen was not used.
RESULTS AND DISCUSSION
A plot of specimen localities of C. goudotii on the eastern slope of the Eastern Andes (Fig. 1) reveals that the species' elevational distribution switches dramatically from below 2,100 m to above 3,000 m at about 11% We are certain that the high-elevation population does not represent wandering or migratory individuals: guans are sedentary birds, with no known cases of longdistance movement or vagrancy (Delacour and Amadon 1973).
Whether the observed pattern is a sampling artifact, however, deserves consideration. Although C. goudotii can be locally common (Johnson and Hilty 1976), it usually occurs in low densities, and this probably plays a more important role than shyness in determining whether or not it is recorded at a site. Some members of a field party may never see the bird over a period of weeks, even though seen several times by coworkers, and some expeditions may not record the species at all but then find it on return visits.
Nevertheless . Therefore, we believe that the unusually high and compressed elevational range of the newly discovered southern population is not a sampling artifact.
We are even more certain that C. goudotii does not occur above 2,300 m elevation north of 11%. LSUMNS expeditions in central and northern Peru have logged over 500 person-days in humid forest above 2,300 m without finding any C. goudotii.
What processes would produce this elevational switch? What factors maintain the present pattern of limits of distribution? These zoogeographical questions are difficult to answer because (a) the historical processes can never be ascertained with complete certainty, leaving inference as the primary methodology, and (b) experiments to test hypotheses concerning largescale distribution patterns are usually logistically intractable, especially for flying birds (Diamond 1986a ). The remainder of this paper represents our attempt to answer these questions for C. goudotii.
We considered three hypotheses concerning the process that might account for this unusual elevational "niche switch" pattern of distribution:
(1) long-distance dispersal, (2) human introduction, and (3) vicariance. We then considered two hypotheses that might explain how such an unusual pattern might be maintained: (1) autecology and (2) interspecific competition.
HISTORICAL HYPOTHESES LONG-DISTANCE DISPERSAL
One hypothesis that might account for the current disjunct pattern of distribution is that it was the result of long-distance dispersal. In other words, perhaps some individuals dispersing long distances from one area successfully colonized the other without colonizing intermediate areas.
We find no support for long-distance dispersal for two reasons. First, the gaps in the distribution of C. goudotii do not correspond to gaps in current habitat availability. The areas from which the species is absent are all filled with seemingly appropriate habitat (humid montane cloud-forest) that is occupied by bird assemblages typical of such habitat. Only a few, narrow, arid canyons (e.g., the Marafion and Urubamba valleys) interrupt an otherwise continuous blanket of montane forest from Venezuela to central Bolivia. Therefore, a dispersal hypothesis requires special pleading to explain why these intermediate areas have not been colonized by gradual expansion from either or both directions. Second, guans are perhaps the least likely long-distance dispersers among the generally sedentary Andean forest birds. All cracids fly poorly and are probably incapable of lengthy flight; C. goudotii is typical ofguans in this respect (pers. observ.). We cannot rule out the possibility that a group of guans dispersed by walking or by a series of short flights across hundreds of kilometers of habitable forest to colonize forest nearly 1,000 m above or below their normal elevational distribution without colonizing intervening elevations or latitudes. This prospect, however, must be viewed as extremely unlikely for birds for which there are no instances of extralimital occurrences.
INTRODUCTION
BY HUMANS Haemig (1978 Haemig ( , 1979 proposed that introduction by primitive peoples accounts for the anomalous, disjunct distributions of two species of Mexican birds, the Great-tailed Grackle (Quiscalus mexicanus) and the Tufted Jay (Cyanocorax dickeyi). The analogous hypothesis here would propose that one of the elevationally disjunct populations of C. goudotii was deliberately or accidentally introduced by primitive peoples. Because guans are potential sources of food for humans, this hypothesis deserves special consideration. A thorough evaluation of the human introduction hypothesis would require extensive, original research on the anthropology and archaeology of the region. Such an analysis is beyond our expertise. In our opinion, however, introduction by humans seems unlikely for two reasons. First, the human population density of the humid, forested Eastern Andes is currently, and probably always has been, relatively low. The steepness of the slopes, the high degree of cloud cover, and, at upper elevations, the cold temperatures all make this region unfavorable for agriculture. So, the region in general does not seem to have been a likely area for intensive human activity. Second, efforts at domesticating cracids have remained largely untried owing to their low clutch size and aggressive behavior toward conspecifics, thereby requiring relatively large enclosures (J. P. O' Neill, pers. comm.). That cracids are not ideal for domestication, however, does not preclude their transport as cagebirds from place to place by primitive societies.
We also are not convinced that Haemig' s (1978 Haemig' s ( , 1979 . Therefore, we feel that both of Haemig' s examples are readily explained within the context of broader distribution patterns, and that there is no need to invoke human intervention. Concerning Haemig' s data in support of human introduction, we note that it is entirely circumstantial and speculative in the case of the jay; in fact, Phillips (1986) dismissed Haemig' s hypothesis outright. In the case of the grackle, the direct evidence comes from a friar' s 1577 collection of animal stories told to him by Aztec informants (and not the friar' s direct observations). Although the plausibility and detail of the latter are intriguing, we regard such folklore with distrust. Our personal experience with South American indigenous peoples as well as with "educated" peoples is sprinkled with cases of amusing, but obviously erroneous, explanations of past and present natural phenomena, in spite of detailed and accurate knowledge of natural history in other cases.
RELICTUAL DISTRIBUTION
The relictual distribution hypothesis would explain the disjunct distribution of C. goudotii by proposing that the once continuous distribution became fragmented by extirpation in portions of the range. A direct test of this hypothesis would require documentation of former presence or absence of C. goudotii in the current elevational and latitudinal gaps in its range. In the absence of an extensive fossil record from the eastern slopes of the Andes, evaluation of this hypothesis is not possible. We can find no evidence of historical change in the distribution of C. goudotii within the brief period of scientific sampling of Andean birds, roughly the last 100 years, although the failure of previous workers to find the southern population might be interpreted this way.
Nevertheless, we favor the relictual distribution hypothesis by default. Although we cannot provide direct evidence for once-continuous distribution followed by subsequent extinction in some areas, we believe that this best accounts for the current disjunct pattern because we have a plausible mechanism for the extinction of populations in the gaps (see below).
ECOLOGICAL HYPOTHESES

AUTECOLOGY
The two disjunct regions inhabited by C. goudotii might be the only two in which its ecological requirements are met. This hypothesis would propose, therefore, that this species can survive only at 3,000-3,300 m in southern Peru and Bolivia, and at 500-2,200 m from central Peru to Colombia.
Although our fragmentary knowledge of the biology of C. goudotiidoes not permit strong tests of such an hypothesis, available data do not support it. We find it difficult to believe that the cold, stunted forest near timberline in the southem Andes is in some critical aspect more similar to the warm, tall, lower montane forest in central Peru Because no other species of Andean forest bird shows a similar niche switch, and because very few species are shared by the two disparate regions occupied by C. goudotii, we are unable to construct a plausible reason why the two C. goudotii populations are found only where they are. Of course, until the biology of the species is better known, we will never be able to eliminate the possibility that some critical food plant, nest site, etc., is present only in the two disjunct regions, or that some species-specific, unconquerable parasite or predator is found everywhere but the two regions. As noted by Connor and Bowers (1987), a mosaic distribution such as that shown by these guans could also be produced or maintained by a comparable mosaic distribution of ecological requirements. Nevertheless, we maintain that the overall environmental dissimilarity between the two regions makes such a possibility unlikely.
If the elevational distribution of C. goudotii showed some gradual latitudinal change in the direction of increasing elevation with increasing distance from the equator, such a pattern could be used as circumstantial evidence for the autecology hypothesis, which would predict that changing elevational distribution is a response to some clinally varying climatic or ecological parameter. The locality data, however, do not show such a pattern. South of the equator, elevational limits appear to be more or less constant (Fig. l) , and the switch to high elevations takes place rather abruptly. Unfortunately, the poor resolution of the locality data prevents determination of whether the elevational shift occurs, as we suspect, on opposite sides of a major Andean river canyon. Given such a shift, the autecology hypothesis would require major climatological or ecological differences on opposite canyon sides, an unlikely possibility that nonetheless cannot be excluded at present.
Ifthe latitudinal boundaries between guan taxa are formed by dry canyons that might be barriers to dispersal, then these barriers could maintain the current, parapatric pattern of distribution without invoking other factors. However, there are no barriers to dispersal across elevational boundaries-these boundaries must be maintained by some ongoing, ecological process.
The elevational niche switch poses the greatest difficulty for proposing that autecology is this ongoing process. It seems unlikely that a species that occurs at lower elevations throughout most of its distribution would suddenly find these lower elevations unsuitable in one section of its distribution while finding upper elevations suitable. That the reverse would occur in another guan, Penelope montagnii, in a geographically coincident manner compounds the unlikelihood of such a scheme (see next section). A plot of elevation and latitude for guan specimens from the Eastern Andes (Fig. 1) shows the following features. First, although there is some overlap among various species, the pattern that is most evident is that the two most widespread species, the Andean Guan (Penelope montagnii) and C. goudotii, replace each other at approxi- the Eastern Andes, the Bearded Guan (P. barbata) is known from two localities, in extreme northern Peru in an area where P. montagnii does not occur (Parker et al. 1985) . At the extreme north end of the Andes in northern Colombia and Venezuela, the Band-tailed Guan (P. argyrotis) occurs at elevations inhabited by C. goudotii farther south and below elevations typically inhabited by P, montagnii. On the eastern slope of the Central Andes of Colombia (Fig. 2) , C. goudotii has been collected from about 1,600 to about 2,600 m. Penelope montagnii has been collected only at 2,500-2,600 m at three northern localities. With so few localities, little can be said except that the two species have not been collected at the same locality and that C. goudotii is more widespread and may occupy elevations generally below those occupied by P. montagnii. On the western slope of the Central Andes (Fig. 2) , the same tentative conclusions apply except that in the south, the few specimen records available suggest that C. goudotii occurs above P. montagnii. caution. Furthermore, throughout the Andes many professional collectors apparently ranged hundreds of meters above or below a given collecting locality, yet all specimens bore the same locality name. In the Western Andes (Fig, 3) , C. goudotii generally occurs below elevations occupied by P. montagnii in Ecuador and Colombia, with some elevational overlap; however, at only one locality have both species been collected. Neither species occurs south of about 4"3O' S, where P. barbata occurs exclusively and occupies both the high elevations typical of P. montagnii and the low elevations typical of C. goudotii.
In the Santa Marta Mountains, an isolated, major mountain range in northern Colombia, two species of guans occur, C. goudotii and P. argyrotis (Fig. 4) . Although Todd and Carriker (1922) reported that the two species overlapped broadly in elevational distribution, a plot of specimen localities (Fig. 4) shows that on the southern side of the Santa Martas, only P. argyrotis occurs, and C. goudotii is found only on the northern side. There, however, it does overlap broadly in elevational distribution with P. argyrotis but generally occurs above it. The two species have been collected together at five localities, but whether or not they are truly syntopic is unknown. In the Coastal Range of Venezuela (not mapped), where C. goudotii does not occur, P. argyrotis occupies all elevations from 300 m to the summits at ca. 2,000 m (Schafer and Phelps 1954). Therefore, the general pattern throughout the Andes is that only one species of Penelope or Chamaepetes OCCLUS at most, but not all, localities, and that C. goudotii occurs below one of the three species of Penelope, except in extreme southern Peru and northern Bolivia, where the situation is reversed. Although such a "repulsed" pattern of species' distributions is consistent with the predictions of the interspecific competition hypothesis, it is also consistent with other hypotheses that propose a parapatric distribution of autecological factors, such as habitat suitability, predation, and diseases (Connor and Bowers 1987) .
With only a cursory knowledge of the ecologies of guans of the Andes, it is difficult to know whether these species are likely to be competitors. Examination of available data, however, favors consideration of all guan species as potential competitors. All are similar in overall size and proportions, especially in bill length (Table Ortalis Stomach contents are available only for C. goudotii and P. montagnii. Examination of these shows that both species' diets are roughly similar, with fruits in the l-10 mm size range and other vegetable matter predominating in both (Fig. 6) . Foraging observations for both these species and P. barbata (T. A. Parker, pers. observ.) indicate that they feed on small fruits taken primarily in trees. Thus, our ecological data, admittedly weak, are consistent with potential interspecific competition between C. goudotii and P. montagnii.
Not included in our analysis was the Wattled Guan (Aburria aburri), which overlaps broadly in latitudinal and elevational (600-2,500 m) distribution with various Penelope species and C. goudotii. If and how it differs ecologically from other montane guans is not known.
Although information on the distribution, ecology, and morphology of guans of the Andes is most consistent with the interspecific competition hypothesis, such an interpretation creates problems in terms of "common sense" nat- goudotii from upper elevations throughout most of the Andes, why is it not able currently to exclude it from such elevations in southern Peru and Bolivia? One solution to the dilemma posed by the guan niche shifts is to challenge the unstated assumption that the system is in equilibrium. As articulated by Wiens (1984) , recent thinking concerning community patterns and processes is based too often on assumptions of equilibrium. Certainly, if we change our outlook in the Andean guan situation to one of disequilibrium, then previous objections to all three hypotheses can be countered in part. Perhaps we can view the high-elevation populations of C. goua' otii in northern Bolivia and southern Peru as the vestige of a time before the appearance of P. montagnii, when C. goudotii was the only guan through most of its range; this high-elevation, relictual population of C. goudotii may be in the process of being eliminated by the expansion of P. montagnii. Such a hypothesis can be supported only by gathering evidence on historical changes in the distribution of the two putative competitors or by genetic data that show which taxon is the oldest.
Although we favor the interspecific competition hypothesis, especially with a post-hoc boost from the nonequilibrium hypothesis articulated above, we emphasize that we are uneasy with such an interpretation because the tests mustered in its support are weak. We realize, however, that such uneasiness is probably inevitable given the nature of such "natural experiments" that are not amenable to direct experimentation (but see Diamond [ 1986b] for the advantages of natural experiments). We also realize that our conclusions are influenced greatly by interpretation. For example, the evidence for competition is weak or open to interpretation: (1) the dietary data, which address only the size of food, are not sufficiently precise to exclude the possibility that major taxonomic differences exist in food items; (2) data on feeding-site selection are nonexistent; and (3) the distributional data show that C. goudotii is sympatric with Penelope in some areas, particularly outside the Eastern Andes. The importance that one attaches to these points is inevitably based to a degree on one' s subjective biases. Data are also nonexistent on nest-site selection, predators, parasites, or diseases. Only by obtaining more refined data that permit stronger tests of the competing hypotheses will the level of analysis be elevated from interpretation to science.
Regardless of the rather unsatisfying results of our attempt to test various hypotheses conceming the underlying processes, we believe that it is important to report this intriguing pattern of distribution of guans of the Andes. Although such anomalies might be regarded as minor because of their rarity, they potentially provide important insights into factors that govem distributional limits. They represent "natural experiments" that may reveal causal factors, or at least provide direction for subsequent research.
